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Abstract
Boron Neutron Capture Therapy (BNCT) is one biomedical application in which boron
nanomaterials are of crucial importance. Current research focuses on increasing the boron
content and improving the cancer cell targeting in treatment agents. Thus, multiple routes of
synthesizing functionalized boron nanoparticles were explored. Boron nanoparticles were
synthesized by pyrolysis and functionalized with bromine. An alternate synthesis by sodium
reduction was performed and those nanoparticles were functionalized with octanol and azidoPEG3-amine. The sugar 5-thio-D-glucose was modified for use as a targeting agent. The
products of these reactions were characterized with Nuclear Magnetic Resonance Spectroscopy
(NMR), Transmission Electron Microscopy (TEM), and Energy-Dispersive X-ray Spectroscopy
(EDX). The syntheses were all successful to an extent, as indicated by the characterization. The
boron nanoparticles synthesized by sodium reduction are particularly promising. Future work
includes further purification of the products, additional characterization and linking the modified
5-thio-D-glucose molecule to the azido-PEG3-amine functionalized boron nanoparticles.

Introduction
Advances in nanotechnology have led to the investigation of the properties and
applications of new kinds of nanomaterials, particularly those with biomedical applications. One
of the main biomedical applications for nanomaterials containing boron is Boron Neutron
Capture Therapy (BNCT). BNCT is a binary form of cancer treatment that utilizes Boron-10,
the isotope of Boron that has a very high ability to absorb neutrons. During BNCT, the 10B
concentrated in the tumor cells is irradiated with a neutron beam. The 10B nucleus will capture a
neutron and undergo a neutron capture reaction, producing a high energy alpha particle, a lithium
ion and a low energy gamma ray.1 The linear energy transfer of these particles is 5 to 10
micrometers, which is the diameter of a cell. The high energy but short range destroys only the
tumor cell and harms none of the surrounding tissue. This makes BNCT a very precise and
attractive form of treatment. However, in order for Boron Neutron Capture Therapy to be
effective the Boron needs to be concentrated in the tumor cells. A targeted delivery agent is
necessary. The ideal delivery agent must be non-toxic and water-soluble, as well as accumulate
quickly in the tumor and have a significant retention rate.

Figure 1: BNCT mechanism

Cancer remains the second most common cause of death in the US, accounting for nearly
1 of every 4 deaths.2 There is currently no cure, only treatment. Most cancer treatments are
harmful to the body and have long lasting side effects. Boron Neutron Capture Therapy has an
advantage in that it has very low side effects, and spares most of the tissue around the tumor.
With proper development, BNCT could become an attractive alternative treatment to common
cancer therapies, such as chemotherapy. Scientists have known of BNCT since it was first
proposed in 1936.1 The reason it isn’t yet a standard treatment option is because of the lack of
suitable treatment agents.
There are currently two FDA approved BNCT agents, boronophenylalanine (BPA) and
sodium borocaptate (BSH)3, shown in Figure 2. Both compounds have significant issues. BSH
has a thiol group which can form disulfide bridges and damage DNA. BPA has a very low boron
concentration. Since the effective boron concentration for effective treatment is approximately
109 10B atoms or 35µg 10B/g of tissue1, the dose for BPA to be effective is extremely high.

Figure 2: Structure of BSH and BPA
BNCT and boron chemistry have both reached a stage where the question is not how to make it
work, but what to build to make it work best. Current research is thus focused on the synthesis of
BNCT agents that have a higher concentration of boron and are biologically compatible.

There are several methods of increasing the boron concentration. Most of these are nanostructures, which include carborane, boron nitride nanotubes (BNNT), boron nanoparticles and
boron nanocomposites. This project focuses on the use of pure boron nanoparticles. Boron
nanoparticles allow for a relatively large amount of boron in a small amount of space. A
nanoparticle that is 5 nm in diameter contains over 2000 boron atoms. Thus, the necessary
effective dose of a BNCT agent utilizing boron nanoparticles is comparatively low.
The most common way of producing boron nanoparticles is pyrolysis, the decomposition
of a compound at high temperatures. Previous studies report boron nanoparticles from the
pyrolysis of decaborane at 700 to 900 °C as well as functionalization with bromine and fluorine.4
Functionalization with bromine is extremely useful, as many different organic molecules can
then be attached to the nanoparticle with a bromine replacement reaction. An alternative method
is the reduction of boron tribromide by sodium.5 This method produces a reactive bromine
functionalized nanoparticle intermediate to which the desired functional group can then be
added. It also allows for synthesis at room temperature, rather than at 700 to 900 °C. Both
methods are promising for producing functionalized boron nanoparticles; thus, both are
investigated in this project.
The next necessary component is to increase biological comparability and tumor uptake,
as tumor cells will not uptake a boron source alone. Since cancer cells have an amplified glucose
intake and glycolytic metabolism6, carbohydrates can function as an efficient targeting
mechanism for BNCT. The effectiveness of carbohydrates as a targeting mechanism for BNCT
has been documented previously, with 5-Thio-D-glucose being noted as particularly effective out
of those selected.7 The sugar 5-Thio-D-Glucose (5TDG) is both nontoxic and non-metabolic,
allowing it to be retained by cancer cells long enough for BNCT treatment to be carried out.

Materials and Methods
The reactions performed in this project used various laboratory equipment, which
includes round bottom flasks, separatory funnels, magnetic stir bars, hotplates, condensers, cold
traps, silica gel columns, septa, syringes, distillation apparatuses, funnels and filter paper, TLC
plates, a UV lamp, an argon filled glove box, a horizontal quartz tube furnace, a schlenk line, and
a rotary evaporator. Nuclear Magnetic Resonance Spectroscopy (NMR) was performed on
Bruker Avance III 300 spectrometer. Transmission Electron Microscopy (TEM) was done
Hitachi H-600 Transmission Electron Microscope. Energy-Dispersive X-ray Spectroscopy
(EDX) was obtained via an attachment on a Scanning Electron Microscope (SEM).
1. Synthesis of Functionalized Boron Nanoparticles by Pyrolysis
The reactions described below were all performed under an argon atmosphere, either in a
furnace or on a schlenk line. Decaborane was purified by sublimation under reduced pressure at
60 °C. Bromine and anhydrous benzene were used without further purification.
1.1 Synthesis of Boron Nanoparticles

Scheme 1: Pyrolysis of Decaborane to Boron Nanoparticles
Decaborane (0.60 g, 4.9 mmol) was placed in a two-necked flask in an oil bath. The
flask was connected to the quartz tube furnace with a collection tube on the other end. Pyrolysis
was done with the furnace at 700 °C and the oil bath at 105 °C for six hours with an argon flow
rate of 0.22 L/min. After the furnace cooled down the external tube was removed and the dark
brown powder collected. The product was dried under vacuum on the schlenk line for 12 hours
and stored under argon. The nanoparticles had a mass of 250 mg and were analyzed by TEM.

1.2 Functionalization of Boron Nanoparticles with Bromine

Scheme 2: Bromine Functionalization of Boron Nanoparticles
Reaction I:
Boron nanoparticles (114 mg), were placed in a round bottom flask and suspended in
anhydrous benzene (20 ml) by sonication. The flask was flushed with argon and bromine (1.0
ml, 18.8 mmol) was added through a septum with a syringe. The solution was stirred for 12
hours at room temperature. The benzene and excess bromine were removed under reduced
pressure at 30 °C and collected in a cold trap. The product was a black powder with a mass of
122 mg. The product was analyzed by TEM and EDX.
Reaction II:
Boron nanoparticles (110 mg), were suspended in anhydrous benzene (20 ml) by
sonication. The flask was flushed with argon and bromine (4.0 ml, 78.1 mmol) was added. The
solution was stirred for 48 hours at room temperature. The benzene and excess bromine were
removed under reduced pressure at 30 °C and collected in a cold trap. The product was a black
powder with a mass of 132 mg. Analysis was done by TEM and EDX.
2. Synthesis of Boron Nanoparticles by Sodium Reduction of Boron Tribromide
The reactions below were done under an argon atmosphere. 1,2-Dimethoxyethane
(glyme) was dried by distillation over calcium hydride. Octanol was dried over molecular sieves.
Naphthalene, sodium metal, boron tribromide and 11-azido-3,6,9-trioxaundecan-1-amine (azidoPEG3-amine) were used without further purification.

2.1 Synthesis of Boron Nanoparticles Functionalized with Octanol

Scheme 3: Boron Nanoparticles Functionalized with Octanol
Dry glyme (60 ml), sodium metal (0.35 g, 15.2 mmol) and naphthalene (1.95 g, 15.2
mmol) were combined in a three-necked flask in an argon filled glove box. The closed flask was
removed from the glove box and placed in the hood. The solution was stirred for 30 minutes and
turned dark green, indicating the formation of sodium naphthalenide. Boron tribromide (0.550
ml, 5.4 mmol) was added via syringe through a septum and the solution was stirred for 1 hour.
The resulting solution turned from dark green to white. Octanol (1.25 ml, 8 mmol) was added to
the solution via syringe. It was then stirred for 15 hours. The resulting solution was light yellow
and air stable. It was filtered three times to remove the precipitated sodium bromide salt. The
solvent and excess naphthalene were removed under reduced pressure at 100 °C. The resulting
yellow oil was analyzed by 1H and 11B NMR and TEM.
2.2 Synthesis of Boron Nanoparticles Functionalized with Azido-PEG3-Amine
This reaction was done multiple times to optimize the process. The sodium
naphthalenide reaction time was varied between 30 min to an hour. The stir time after adding
boron tribromide was varied between 1 and 3 hours. Two different purification methods were
used to obtain the final product, removal of naphthalene by sublimation, and washing the product
with water, filtering and then drying. The reaction process below is the optimized version.

Scheme 4: Boron Nanoparticles Functionalized with Azido-PEG Amine
Sodium naphthalenide was prepared by combining sodium metal (0.56 g, 23 mmol),
naphthalene (2.99 g, 23 mmol) and dry glyme (60 ml) under an argon atmosphere. The sodium
was cut into small pieces. After stirring for 1 hour the solution was dark green with no remaining
sodium. Boron tribromide (0.80 ml, 8.0 mmol) was added dropwise very slowly by syringe over
30 minutes and the solution was stirred for 3 hours. Azido-PEG3-amine (2.0 ml, 10 mmol) was
added via syringe and the solution was stirred for 18 hours. The solution was filtered three times
to remove the sodium bromide precipitate. The resulting solution was orange in color.
Purification 1: Sublimation under Reduced Pressure
The flask was connected to the schlenk line and the solvent was removed under reduced
pressure. The remaining residue was keep under vacuum and the naphthalene impurity was
sublimed off at 100 oC and collected in a cold trap. The product was an orange oil and was
analyzed by 1H and 11B NMR and TEM. The purification process was repeated until the
naphthalene peaks on the 1H NMR spectrum were minimal.
Purification 2: Washing with Water
The solvent and was removed under vacuum and collected in a cold trap. The
naphthalene was removed by washing the crude product with deionized water and filtering out
the solid naphthalene. The filtered solution was dried under vacuum and analyzed by 1H and 11B
NMR and TEM. The resulting product was an orange oil.

3.

Synthesis of Functionalized 5-Thio-D-Glycopyranose Pentaacetate
The acetylation reaction was done under air. The functionalization with propargyl alcohol

was done under argon. The propargyl alcohol functionalization reaction was run with two
different catalysts. Dichloromethane was dried via passing over silica. 5-thio-D-glucose,
indium(III) trifluoromethanesulfonate (indium triflate), acetic anhydride, ethyl acetate,
trimethylsilyl trifluoromethanesulfonate (trimethylsilyl triflate), propargyl alcohol, boron
trifluoride diethyl etherate, potassium carbonate, and magnesium sulfate were used without
further purification.
3.1 5-Thio-D-Glucose Pentaacetate

Scheme 5: Acetylation of 5-thio-D-glucose
5-thio-D-glucose (200 mg, 1.02 mmol) was suspended in acetic anhydride (5 ml). Indium
triflate (40 mg, 0.076 mmol) was added at 0 °C and the reaction was stirred for 18 hours at room
temperature. The resulting solution was extracted with a 10% solution of potassium carbonate
two times (5 ml each) and dried over magnesium sulfate. The solvent was removed under
vacuum. The product was an off white crystalline solid. Characterization was done by 1H NMR.
3.2 Functionalization with Propargyl Alcohol
Catalyst 1: Boron Trifluoride Diethyl Etherate

Scheme 6: Functionalization with Propargyl Alcohol (Catalyst 1)

5-thio-D-glucose pentaacetate (267mg, 0.66 mmol) was dissolved in anhydrous
dichloromethane (5 ml). Then propargyl alcohol (0.2 ml, 3.44 mmol) was added. The solution
was cooled to 0 °C with an ice bath and boron trifluoride diethyl etherate (0.5 ml, 4.05 mmol)
was added to the reaction mixture. The reaction was allowed to come to room temperature and
stirred for 5 hours. The resulting solution was quenched with saturated sodium bicarbonate (20
ml), and then extracted with dichloromethane (15 ml). The organic layer was washed with water,
then collected and dried over anhydrous magnesium sulfate. The solvent was removed under
reduced pressure and the remaining residue was dried under vacuum. 1H NMR was used to
analyze the product.
Catalyst 2:

Scheme 7: functionalization with propargyl alcohol (Catalyst 2)
5-thio-D-glucose pentaacetate, (255 mg, 0.63 mmol) was dissolved in anhydrous
dichloromethane (3 ml). Then propargyl alcohol, (0.2 ml, 3.44 mmol) was added. Trimethylsilyl
triflate (0.37 ml, 2.0 mmol) was added to the reaction mixture at 0 °C. The reaction mixture was
allowed to come to room temperature and stirred for 5 h. Once the reaction was complete the
mixture was quenched with saturated sodium bicarbonate solution (20 ml), and the organic layer
was extracted with dichloromethane (15 ml). The organic layer was washed with water, then
collected and dried over anhydrous magnesium sulfate. The solvent was removed under reduced
pressure via a rotary evaporator.

Results
1. Synthesis of Functionalized Boron Nanoparticles by Pyrolysis
1.1 Synthesis of Boron Nanoparticles

Figures 3-4: TEM of Boron Nanoparticles
1.2 Functionalization of Boron Nanoparticles with Bromine
Reaction 1:

Figures 5-6: TEM of Brominated Boron Nanoparticles (Reaction 1)

Element

Weight%

Atomic%

Boron
Oxygen
Bromine

90.06
6.40
3.55

94.94
4.56
0.51

Totals

100.00

Figure 7: EDX Graph and Percentage Table for Brominated Boron Nanoparticles (Reaction 1)
Reaction 2:

Figures 8-9: TEM of Brominated Boron Nanoparticles (Reaction 2)

Element

Weight%

Atomic%

Boron
Oxygen
Bromine

88.07
7.48
4.45

93.96
5.39
0.64

Totals

100.00

Figure 10: EDX Graph and Percentage Table for Brominated Boron Nanoparticles (Reaction 2)

2. Synthesis of Boron Nanoparticles by Sodium Reduction of Boron Tribromide
2.1 Synthesis of Boron Nanoparticles Functionalized with Octanol

Figures 11-12: TEM for Boron Nanoparticles Functionalized with Octanol

Figure 13: Proton NMR of Boron Nanoparticles Functionalized with Octanol

Figure 14: Boron-11 NMR of Boron Nanoparticles Functionalized with Octanol
2.2 Synthesis of Boron Nanoparticles Functionalized with Azido-PEG3-Amine
Purification 1:

Figures 15-16: TEM of Boron Nanoparticles Functionalized with Azido-PEG3-Amine

Figure 17: Proton NMR of Boron Nanoparticles Functionalized with Azido-PEG3-Amine(Crude)

Figure 18: Proton NMR of Boron Nanoparticles Functionalized with Azido-PEG3-Amine (Pure)

Purification 2:

Figures 19-20: TEM of Boron Nanoparticles Functionalized with Azido-PEG3-Amine

Figure 21: Boron-11 NMR of Boron Nanoparticles Functionalized with Azido-PEG3-Amine

Figure 22: Proton NMR of Boron Nanoparticles Functionalized with Azido-PEG3-Amine(Crude)

Figure 23: Proton NMR of Boron Nanoparticles Functionalized with Azido-PEG3-Amine(Pure)

3. Synthesis of Functionalized 5-Thio-D-Glycopyranose Pentaacetate
3.1 Acetylation of 5-Thio-D-Glucose

Figure 24: Proton NMR of 5-Thio-D-Glucose Pentaacetate
3.2 Functionalization with Propargyl Alcohol

Figure 25: Proton NMR of 5TDG Pentaacetate Functionalized with Propargyl Alcohol (Catalyst 1)

Discussion
1. Synthesis of Functionalized Boron Nanoparticles by Pyrolysis
The product obtained from the reaction in Scheme 1 was a dark brown powder. The
Transmission Electron Microscopy (TEM) analysis shows nanoparticles that range in size from
approximately 20 to 100 nm. There are some significantly larger particles as well. The smaller
nanoparticles acceptable in size but the ones 100 nm or more in diameter are not. A nanoparticle
can be too large to pass through a cell membrane, and thus the larger particles are not ideal. This
can be remedied with a size filtration. The nanoparticles are relatively stable in air for short
periods of time, however they will oxidize if exposed for longer periods.
The nanoparticles turned from brown to black after being brominated. The TEM images
show nanoparticles with no evidence of side products or impurities. However, the percentage of
bromine in a sample from the first reaction attempt is only 0.51 atomic %. This is shown by the
Energy-Dispersive X-ray analysis (EDX) data (Figure 7). The literature4 reports a bromination
percentage of 4.12%. Because of the low yield, the reaction was repeated and the amount of
bromine was multiplied by four. The time of the reaction was also increased fourfold, from 12
hours to 48 hours. The resulting bromine content was 0.64 atomic %. This is an improvement
but it is not a very large one. It is speculated that is issue is oxidation at some point, either
during the formation of the boron nanoparticles or the bromination reaction. This is supported
by the presence of oxygen in both of EDX analyses. Having oxygen present on the surface of the
particles blocks the bromine from being able to bond, as it cannot displace the oxygen. The
oxygen could have gotten into the system in a couple of ways; either there was moisture in the
argon line or there was an air leak somewhere in the system. Having moisture present in the
decaborane source material is also a possibility.

2. Synthesis of Boron Nanoparticles by Sodium Reduction of Boron Tribromide
2.1 Synthesis of Boron Nanoparticles Functionalized with Octanol
The reaction in Scheme 3 used the same functional group as the literature5, octanol. The
product was a light yellow oil. Boron-11 Nuclear Magnetic Resonance Spectroscopy shows a
single boron peak. This confirms boron nanoparticles in solution. 1H NMR peaks match the
known characteristic peaks of octanol. There are also residual naphthalene peaks, which can be
seen between 7.9 and 7.4 ppm. TEM images show a mix of nanoparticles and crystals. The
nanoparticles are the desired product, the crystals are the remaining naphthalene. The particles
are small, most are in the 5 to 10 nm range with some larger particles up to 20 nm. This size
range is ideal; all of the particles are small enough to be used in BNCT. The naphthalene
impurity needs to be removed. This can be done either by further attempts to sublime it off or an
alternative method such as solvent washing. As the octanol reaction was mainly used to confirm
the publication reaction process would work correctly, purification experiments were performed
on the azido-PEG3-amine reaction.
2.2 Synthesis of Boron Nanoparticles Functionalized with Azido-PEG3-Amine
The reaction displayed in Scheme 4 was run multiple times in order to optimize the
reaction process and test different purification methods. An attempt was also made to isolate the
brominated boron nanoparticle intermediate. The published literature5 describes it as a very
reactive intermediate and goes straight from start to finish without much information about the
intermediate. After the first half of the reaction, the precipitate was allowed to settle and samples
of the translucent solution were collected via a syringe. When exposed to air, the solution turned
from off white to brown. If the solution comes into contact with water it reacts exothermically,
bubbling and turning from translucent white to solid white. These results show sensitivity to

water and air. In an attempt to remove the solvent under schlenk line vacuum, the residue turned
brown. It was thus determined that while isolation of the intermediate was theoretically possible,
it was unpractical with the equipment available and lack of experience working with extremely
sensitive materials.
There were multiple modifications made to the published procedure, both to adapt it to
the laboratory equipment available and to optimize the process. The original procedure has the
sodium naphthalenide reaction running over night and then being added by cannula into a
solution of boron tribromide in glyme. The solvent and remaining naphthalene are removed
under reduced pressure and collected in a cold trap. This was modified so that the reaction takes
place in one vessel and the amount of solvent needed is reduced. The sodium naphthalenide
reaction time was also shortened. The optimized procedure has the sodium cut up into small
pieces and the sodium naphthalenide reaction run for 1 hour. At the end of this time there was
no remaining sodium observed, with indicates that the reaction has gone to completion. Instead
of using two flasks and a cannula transfer, boron tribromide was added to the sodium
naphthalenide solution directly by syringe. The addition was done over 30 min to prevent the
flask over-pressurizing, as boron tribromide is a fuming liquid. The stir time was increased from
1 to 3 hours to insure reaction completion. The functional group was added normally and the stir
time (18 hours) after that addition was not altered. A filtration step was added after the
completion of the reaction to remove the sodium bromide salt.
Proton Nuclear Magnetic Resonance Spectroscopy (NMR) of the crude product shows
the functional group as well as naphthalene peaks. The first purification method used was
subliming off the naphthalene. After 6 hours, there was no more visible naphthalene gas coming
off of the product. The sublimation was run for one more hour and then the product was taken

for the second 1H NMR. The naphthalene peaks had mostly disappeared but were still visible, as
can be seen comparing Figures 17 an 18. The second purification method involves washing the
product with water and then filtering out the naphthalene, since it is insoluble. The water is then
removed under vacuum. 1H NMR comparison of the crude and purified product (Figures 22 and
23) show that there is no trace of the naphthalene peaks after washing. All of the functional
group peaks are still present, although this is slightly difficult to see due to the signal to noise
ratio from the water peak at 4.7 ppm. Both methods are time consuming, as the sublimation and
the removal of water both take a long time. Both methods are effective, as seen in the reduction
of the impurity to minimal levels or zero. The determination of which is preferable must then be
based on yield. This would require two additional reactions to be run simultaneously to assure
that there are no differences in reaction time or reactant amount. Then each reaction would be
subject to one of the purification methods and evaluated for both yield and efficiency.
The analysis results of both purification methods were extremely similar, the main
difference being the residual naphthalene peaks in the first method.
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B NMR shows a single

boron peak that indicates nanoparticles in solution. 1H NMR for all samples shows the azidoPEG3-amine functional group. The peaks at 3.62 ppm are from the main polyethylene glycol
group. The peaks at 3.85 ppm and 3.15 ppm are from the ethyl group next to the azide group.
The peak at 2.8 ppm and 2.64 ppm are from the ethyl group next to the amine group. Both sets
of TEM images show nanoparticles ranging from 5 to 20 nm, with most of the particles in the 5
to 10 nm range. The particles are also nicely dispersed. There is no sign of any crystal
impurities. Further characterization by elemental analysis is necessary to determine the ratio of
boron to azido-PEG3-amine and to ensure that there are not impurities that were not detected by
the NMR spectra.

3. Synthesis of Functionalized 5-Thio-D-Glycopyranose Pentaacetate
3.1 Acetylation of 5-Thio-D-Glucose
The synthesis of 5-thio-D-glucose pentaacetate was completed and the product was an off
white crystalline solid. This reaction was done multiple times and is reliably repeatable. This is
evident because the appearance of the product as well as the 1H NMR spectrum was identical
each time the reaction was performed. The 1H NMR peaks at 6.15 are from the ring hydrogen
connected to the alpha (C-1) carbon. The peaks from 5.2 – 5.5 ppm are from the ring hydrogens
on C-2 and C-4. The peaks at 4.35 – 4.41 ppm and 4.04 – 4.10 ppm correspond to the two
hydrogens on C-6. the peak at 3.50 – 3.65 ppm are from the ring hydrogen on C-5. The group
of peaks at 2.0 ppm are from the acetate groups.
3.2 Functionalization with Propargyl Alcohol
The reaction for functionalizing 5-thio-D-glucose pentaacetate with propargyl alcohol
was done with two different catalysts, boron trifluoride diethyl etherate (Catalyst 1) and
trimethylsilyl trifluoromethanesulfonate (trimethylsilyl triflate) (Catalyst 2). The product of the
reaction with Catalyst 1 was a gold-brown oil. 1H NMR shows the presence of the desired
product as well as some unreacted 5-thio-D-glucose pentaacetate and side products. The peaks
at 2.0 ppm correspond to the acetate groups. The C-1 ring hydrogen has corresponding peaks at
4.66 ppm, and 4.81 ppm. The C-2, C-3, and C-4 ring hydrogens correspond to peaks from 5.04 –
5.40 ppm. The C-5 ring hydrogen peaks are at 3.45 ppm. The peaks for the C-6 hydrogens are
located at 4.40 and 4.45 ppm. The peaks at 2.79 ppm and 4.05 ppm correspond to the propargyl
group. The product needs further purification such as silica column chromatography to separate
the functionalized sugar from the side products. The product resulting from catalyst 2 will likely
need the same treatment.

Conclusion
Boron nanomaterials were synthesized by pyrolysis of decaborane and by sodium
reduction of boron tribromide. The nanoparticles synthesized by pyrolysis were found to be
larger than those synthesized by reduction. The pyrolysis nanoparticles also showed a lower
bromine functionalization percentage than expected due to undesirable oxidation. The reduction
nanoparticles were smaller and had successful functionalization and purification. It was also
shown that the reaction could be modified for different functional groups. This is a promising
development that increases the number of compounds that the boron nanoparticles can be
incorporated into, widening the scope of both biomedical and other applications. Further
characterization such as elemental analysis and mass spectrometry would further confirm the
identity of the functionalized nanoparticle as well as allow for the calculation of yields and
further optimization.
The synthesis of acetylated 5-thio-D-glucose was successful and is fully replicable. The
reaction to functionalize the acetated derivative was completed twice, each time with a different
catalyst in order to compare them. The Proton NMR for the first reaction shows that the desire
product is present but there are some impurities. The second reaction needs further cleaning.
Both products will be run through a column for purification if necessary.
Future work involves further characterization for all compounds, as well as the linkage of
the modified 5-thio-D-glucose to the azido-PEG3-amine functionalized boron nanoparticles.
This linkage will be done via a click reaction, the Azide-Alkyne Huisgen Cycloaddition. This
reaction involves a cycloaddition between an azide and alkyne to form a triazole ring linking the
groups attached to the azide and alkyne. This results in the final product intended for use in
BNCT, which will undergo extensive characterization and biological studies.
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